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Description
TECHNICAL FIELD

[0001] The presentinvention relates to apparatus and
methods for continuous processing of flexible glass rib-
bon and, in particular, methods for continuous processing
of flexible glass ribbon with ribbon isolation and stabili-
zation.

BACKGROUND

[0002] Glass processing apparatus are commonly
used to form various glass products such as LCD sheet
glass. Glass substrates in flexible electronic applications
are becoming thinner and lighter. Glass substrates hav-
ing thicknesses lower than 0.5 mm, such as less than
0.35 mm, such as 0.1 mm or even thinner can be desir-
able for certain display applications, especially portable
electronic devices, such as laptop computers, handheld
devices and the like.

[0003] While flexible glass ribbon may be formed con-
tinuously, the flexible glass ribbon is often separated into
individual glass sheets after the flexible glass ribbon has
been cooled and solidified. As glass thicknesses contin-
ue to decrease, the flexible glass ribbon becomes more
flexible, which can create challenges particularly for ultra-
thin glass no more than 0.35 mm. Moreover, there are
several unique features of glass that create challenges
for successful conveyance and stabilization of the glass
ribbon. First, the glass can be sensitive to surface de-
fects. These surface defects can create stress points that
can generate cracks and lead to breakage of the flexible
glass ribbon. Therefore, roller conveyance that directly
contacts the web surface, as is typically done with plastic,
paper, or metal webs is often not acceptable as is contact
can lead to such surface defects. With glass webs, non-
contact air conveyance replace roller conveyance. This
air conveyance can be unstable, due to the lack of lateral
web constraints. Second, maintaining lateral alignment
of the glass ribbon as the glass ribbon travels through
glass manufacturing equipment may be complicated by
misalignment of components of the glass manufacturing
equipment. Further, instabilities, perturbations, vibra-
tions, and transient effects that may exist in manufactur-
ing environments or in processing and handling equip-
ment may cause intermittent or extended misalignment
of the glass ribbon in the lateral direction to occur. Third,
the forming process can produce differential cross web
camber (continuous curvature in one direction) into the
glass ribbon. This camber, thickness variation, and pos-
sible residual stresses can cause the glass ribbon to shift
laterally toward its "long" side, rather than conveying in
a straight line. All of these possibilities can result in the
glass ribbon walking and twisting in various parts of the
process in an unintended manner, making processing
the web challenging.

[0004] US Patent application No. 2014/0130649 A1
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discloses a method for processing flexible glass ribbons
using lateral guides. International Patent application WO
2015/029669 discloses a method for processing flexible
glass ribbons having lateral guides and two isolated cut-
ting zones.

SUMMARY

[0005] The present concept involves continuous
processing of flexible glass ribbon. Continuous process-
ing of flexible glass ribbon can include connections
among a number of process steps, such as forming, cut-
ting, spooling, etc. It is important to isolate and stabilize
the flexible glass ribbon as it is conveyed through a glass
processing apparatus that may include one or more of
these processing steps.

[0006] The invention provides a method of continuous
processing of flexible glass ribbon having a thickness of
no more than 0.35 mm according to claim 1, and a glass
processing apparatus according to claim 5.

[0007] According to 2. P the invention, a method of
continuous processing of flexible glass ribbon having a
thickness of no more than 0.35 mm using a glass
processing apparatus is provided. The method includes
continuously feeding the flexible glass ribbon through a
cutting zone, including an edge trimming apparatus con-
figured to separate an edge of the flexible glass ribbon
as the flexible glass ribbon moves by a cutting device
within the cutting zone, forming a continuous strip of edge
trim connected to an upstream portion of the flexible glass
ribbon. A feed rate of the flexible glass ribbon is controlled
through the cutting zone using a global control device.
Lateral position of the flexible glass ribbon is controlled
through the cutting zone using a multi-axis steering ap-
paratus comprising a first roller set and a second roller
set located downstream of the first roller set.

[0008] According to the invention, the first roller set in-
cludes afirstroller pairlocated at a first edge of the flexible
glass ribbon and a second roller pair located at a second
edge of the flexible glass ribbon opposite the first edge.
[0009] According to theinvention, the second roller set
includes a first roller pair located at the first edge of the
flexible glass ribbon and a second roller pair located at
the second edge of the flexible glass ribbon.

[0010] According to the invention, the step of control-
ling the lateral position of the flexible glass ribbon in-
cludes providing a speed differential between the first
roller pair and the second roller pair of one or both of the
first roller set and the second roller set.

[0011] According to the invention, the step of control-
ling the lateral position of the flexible glass ribbon in-
cludes changing a direction of rotation of one or both of
the first roller pair and the second roller pair of one or
both of the first roller set and the second roller set to be
offset from a machine centerline.

[0012] Additional features and advantages will be set
forth in the detailed description which follows, and in part
will be readily apparent to those skilled in the art from the
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description or recognized by practicing the invention as
exemplified in the written description and the appended
drawings and as defined in the appended claims. It is to
be understood thatboth the foregoing general description
and the following detailed description are merely exem-
plary of the invention, and are intended to provide an
overview or framework to understanding the nature and
character of the invention as it is claimed.

[0013] The accompanying drawings are included to
provide a further understanding of principles of the in-
vention, and are incorporated in and constitute a part of
this specification. The drawings illustrate one or more
embodiment(s), and together with the description serve
to explain, by way of example, principles and operation
of the invention. It is to be understood that various fea-
tures of the invention disclosed in this specification and
in the drawings can be used in any and all combinations.

BRIEF DESCRIPTION OF THE DRAWINGS
[0014]

FIG. 1 is a schematic view of an embodiment of a
flexible glass forming method and apparatus;

FIG. 2is a schematic, detail view of the flexible glass
forming method and apparatus of FIG. 1 according
to one or more embodiments described herein;
FIG. 3 is a schematic, plan view of an embodiment
of an multi-axis steering apparatus according to one
or more embodiments described herein;

FIG. 4 is a schematic, side view of the multi-axis
steering apparatus of FIG. 3 according to one or
more embodiments described herein;

FIG. 5 is a schematic, side view of an embodiment
of an edge trimming apparatus according to one or
more embodiments described herein;

FIG. 6 is a schematic view of a lateral half of a glass
processing apparatus illustrating buffer zones ac-
cording to one or more embodiments described
herein; and

FIG. 7 illustrates a diagrammatic illustration of a con-
veyance path P for the flexible glass ribbon accord-
ing to one or more embodiments described herein.

DETAILED DESCRIPTION

[0015] In the following detailed description, for purpos-
es of explanation and not limitation, example embodi-
ments disclosing specific details are set forth to provide
a thorough understanding of various principles of the
present disclosure. However, it will be apparent to one
having ordinary skill in the art, having had the benefit of
the present disclosure, that the present disclosure may
be practiced in other embodiments that depart from the
specific details disclosed herein. Moreover, descriptions
of well-known devices, methods and materials may be
omitted so as not to obscure the description of various
principles of the presentdisclosure. Finally, wherever ap-

10

15

20

25

30

35

40

45

50

55

plicable, like reference numerals refer to like elements.

[0016] Ranges can be expressed herein as from
"about" one particular value, and/or to "about" another
particular value. When such a range is expressed, an-
other embodiment includes from the one particular value
and/or to the other particular value. Similarly, when val-
ues are expressed as approximations, by use of the an-
tecedent "about," it will be understood that the particular
value forms another embodiment. It will be further under-
stood that the endpoints of each of the ranges are sig-
nificant both in relation to the other endpoint, and inde-
pendently of the other endpoint.

[0017] Directional terms as used herein - for example
up, down, right, left, front, back, top, bottom - are made
only with reference to the figures as drawn and are not
intended to imply absolute orientation.

[0018] Unless otherwise expressly stated, it is in no
way intended that any method set forth herein be con-
strued as requiring that its steps be performed in a spe-
cific order. Accordingly, where a method claim does not
actually recite an order to be followed by its steps or it is
not otherwise specifically stated in the claims or descrip-
tions that the steps are to be limited to a specific order,
it is no way intended that an order be inferred, in any
respect. This holds for any possible non-express basis
for interpretation, including: matters of logic with respect
to arrangement of steps or operational flow; plain mean-
ing derived from grammatical organization or punctua-
tion; the number or type of embodiments described in
the specification.

[0019] As used herein, the singular forms "a," "an" and
"the" include plural referents unless the context clearly
dictates otherwise. Thus, for example, reference to a
"component” includes aspects having two or more such
components, unless the context clearly indicates other-
wise.

[0020] Embodimentsdescribed herein generally relate
to continuous processing of flexible glass ribbon that in-
cludes continuous separation of beaded edges of the
flexible glass web. To maintain continuous controlled
crack propagation, it can be important to minimize me-
chanical stress magnitude and variance so that the laser
can control the crack velocity to match the web velocity.
Disclosed herein are apparatus and process that isolate
beaded edge separation processes from upstream flex-
ible glass ribbon forming process and subsequent down-
stream processes, such as spooling of the flexible glass
ribbon, and that also can be used to stabilize the flexible
glass ribbon during the separation process.

[0021] While glass is generally known as a brittle ma-
terial, inflexible and prone to scratching, chipping and
fracture, glass having a thin cross section can in fact be
quite flexible. Glass in long thin sheets or ribbons can be
wound and un-wound fromrolls, much like paper or plas-
tic film.

[0022] Maintaining lateral alignment of the glass ribbon
as the glass ribbon travels through glass manufacturing
equipment may be complicated by misalignment of com-
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ponents of the glass manufacturing equipment. Further,
instabilities, perturbations, vibrations, and transient ef-
fects that may exist in manufacturing environments or in
processing and handling equipment may cause intermit-
tent or extended misalignment of the glass ribbon to oc-
cur. Lack of alignment can cause the high stiffness glass
web to tilt cross-web and oscillate laterally. In extreme
cases, the instabilities, perturbations, vibrations, and
transient effects of the glass ribbon may lead to fracture.
[0023] Some glass ribbons are processed by continu-
ously separating thickened edge beads from the glass
ribbon. During the bead removal process, the thickened
edge beads are separated from the glass ribbon and are
conveyed down an alternate path from the product glass
ribbon. The thickened beads impart stress on the glass
ribbon at the point where the glass ribbon is separated
from the thickened edge beads. The relative angle be-
tween the glassribbon and the separated thickened edge
beads affects the stress at the separation point. Misalign-
ment causing lateral variation of the glass ribbon in the
bead separation process can cause stress variance at
the crack tip or separation point, potentially causing rib-
bon breakage or poor edge separation attributes, such
as inferior edge strength and edge damage. In some em-
bodiments, an edge strength of at least about 100 MPA,
such as at least about 200 MPa may be maintained at
the cut edge after separation of the bead.

[0024] The apparatus and methods described intro-
duce web stability and mechanical isolation of the laser
separation process. First, multiple sets of pinch drives
may be used at an entrance and exit to the laser sepa-
ration process to manage web tension, lateral position,
and vertical position of the flexible glass ribbon in the
laser separation zone. Second, a conveyance path may
be provided and optimized for bead/cullet management
to isolate vibrations due to cullet creation from reaching
the laser separation zone. For example, free loops may
be provided both upstream and downstream of the edge
separation process as well as an increased overall bead
conveyance path length (which can have the effect of
reducing bead stiffness which reduces the transmission
of perturbations back to the crack tip).

[0025] Referring to FIG. 1, an exemplary glass manu-
facturing apparatus 10 that incorporates a fusion process
to produce a glass ribbon 46 is depicted. The glass man-
ufacturing apparatus 10 may be part of a glass process-
ing apparatus 100 (FIGS. 3 and 4), as will be described
in greater detail below, where a glass ribbon is formed,
separated along edges and then rolled in a continuous
process. The glass manufacturing apparatus 10 includes
a melting vessel 14, a fining vessel 16, a mixing vessel
18 (e.g., a stir chamber), a delivery vessel 20 (e.g., a
bowl), a forming apparatus 22 and a draw apparatus 24.
The glass manufacturing apparatus 10 produces a con-
tinuous glass ribbon 46 from batch materials, first by melt-
ing and combining the batch materials into molten glass,
distributing the molten glass into a preliminary shape,
applying tension to the glass ribbon 46 to control the di-
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mensions of the glass ribbon 46 as the glass cools and
viscosity increases, such that the glass ribbon 46 goes
through a visco-elastic transition and has mechanical
properties that give the glass ribbon 46 stable dimension-
al characteristics.

[0026] In operation, batch materials for forming glass
are introduced into the melting vessel 14 as indicated by
arrow 26 and are melted to form molten glass 28. The
molten glass 28 flows into the fining vessel 16, wherein
gas bubbles are removed from the molten glass. From
the fining vessel 16, the molten glass 28 flows into the
mixing vessel 18, where the molten glass 28 undergoes
a mixing process to homogenize the molten glass 28.
The molten glass 28 flows from the mixing vessel 18 to
the delivery vessel 20, which delivers the molten glass
28 through a downcomer 30 to an inlet 32 and into the
forming apparatus 22.

[0027] The forming apparatus 22 depicted in FIG. 1 is
used in a fusion draw process to produce the flexible
glass ribbon 46 that has high surface quality and low
variation in thickness. The forming apparatus 22 includes
an opening 34 that receives the molten glass 28. The
molten glass 28 flows into a trough 36 and then overflows
and runs down the sides of the trough 36 in two partial
ribbon portions 38, 40 (see FIG. 2) before fusing together
below the root 42 of the forming apparatus 22. The two
partial ribbon portions 38, 40 of the still-molten glass 28
rejoin with one another (e.g., fuse) at locations below the
root 42 of the forming apparatus 22, thereby forming a
flexible glass ribbon 46 (also referred to as a glass ribbon
or web). The flexible glass ribbon 46 is drawn downward
from the forming apparatus by the draw apparatus 24.
While the forming apparatus 22 is shown and described
herein implements a fusion draw process, it should be
understood that other forming apparatuses may be used
including without limitation slot draw apparatuses and
the like.

[0028] As shown inFIG. 2, the draw apparatus 24 may
include a plurality of actively-driven stub roller pairs 50,
52, each of which include a front-side stub roller 54 and
a rear-side stub roller 56. The front-side stub roller 54 is
coupled to a front-side transmission 58, which is coupled
to a front-side motor 60. The front-side transmission 58
modifies the output speed and torque of the front-side
motor 60 that is delivered to the front-side stub roller 54.
Similarly, the rear-side stub roller 56 is coupled to a rear-
side transmission 62, which is coupled to a rear-side mo-
tor 64. The rear-side transmission 62 modifies the output
speed and torque of the rear-side motor 64 that is deliv-
ered to the rear-side stub roller 56.

[0029] Referring back to FIG. 1, operation of the plu-
rality of stub roller pairs 50, 52 may be controlled by a
global control device 70 (e.g., a PLC) for a variety of
conditions including, for example and without limitation,
torque applied to the flexible glass ribbon 46 and rate of
rotation of the stub rollers 54, 56. The draw forces applied
to the flexible glass ribbon 46 by the plurality of stub roller
pairs 50, 52 while the flexible glass ribbon 46 is still in a



7 EP 3 297 963 B1 8

visco-elastic state cause the flexible glass ribbon 46 to
pull or stretch, thereby controlling the dimensions of the
flexible glass ribbon 46 by controlling the tension applied
to the flexible glass ribbon 46 in one or both the draw and
cross-draw directions as the flexible glass ribbon 46
translates along the draw apparatus 24, while also im-
parting motion to the flexible glass ribbon 46.

[0030] The global control device 70 may include com-
puter readable instructions stored in memory 72 and ex-
ecuted by a processor 74 that can determine, among
other things, draw tension and speed of the flexible glass
ribbon 46 provided by the stub roller pairs 50 and 52, for
example, using any suitable sensors that provide feed-
back to the global control device 70. Further, the com-
puter readable instructions can allow modification of pa-
rameters, such as torque and velocity of the stub roller
pairs 50, 52 in light of feedback from the sensors. As one
example, a stub roller 76 may be provided that commu-
nicates with the global control device 70 to indicate rate
of rotation. The rate of rotation of the stub roller 76 with
the flexible glass ribbon 46 can be used by the global
control device 70 to determine the extrinsic linear feed
rate of the flexible glass ribbon 46 as the flexible glass
ribbon 46 moves thereby.

[0031] As the flexible glass ribbon 46 is drawn through
the draw apparatus 24, the glass has an opportunity to
cool. The glass manufacturing apparatus 100 having the
plurality of stub roller pairs 50, 52 may improve the control
and consistency of the cross-draw tension and/or down-
drawn tension in the area in which the glass ribbon 46
goes through a visco-elastic transformation. This area
may be defined as the "setting zone" in which the stress
and flatness are set into the glass ribbon 46. Glass man-
ufacturing apparatus 100 that include the plurality of ac-
tively driven stub roller pairs 50, 52 may provide improve-
ments in the manufacturing of flexible glass ribbon 46 as
compared to conventionally designed manufacturing ap-
paratus that incorporate rollers that extend along the en-
tire width of the flexible glass ribbon 46. However, in cer-
tain situations, manufacturing apparatus that utilize roll-
ers that extend along the entire width of the flexible glass
ribbon 46 may be used.

[0032] The global control device 70 may use the draw
apparatus 24 to set a global master speed for the glass
processing apparatus 100 (FIGS. 3 and 4), while also
shaping the flexible glass ribbon 46. Referring to FIG. 3,
as noted above, the glass manufacturing system 10 may
be part of the glass processing apparatus 100. The flex-
ible glass ribbon 46 is illustrated being conveyed through
the glass processing apparatus 100, another portion of
which is illustrated by FIG. 3. The flexible glass ribbon
46 may be conveyed in a continuous fashion from the
glass manufacturing system 10 (FIG. 1) through the glass
processing apparatus 100. The flexible glass ribbon 46
includes a pair of opposed first and second edges 102
and 104 that extend along a length of the flexible glass
ribbon 46 and a central portion 106 that spans between
the first and second edges 102 and 104. In some em-
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bodiments, the first and second edges 102 and 104 may
be covered in a pressure sensitive adhesive tape that is
used to protect and shield the first and second edges 102
and 104 from contact. The tape may be applied to one
or both of the first and second edges 102 and 104 as the
flexible glass ribbon 46 moves through the apparatus 100
after the edge beads are removed. In other embodi-
ments, the pressure sensitive tape may not be used or
the tape may be applied. A first broad surface 110 and
an opposite, second broad surface 112 also span be-
tween the first and second edges 102 and 104, forming
part of the central portion 106.

[0033] In embodiments where the flexible glass ribbon
46 is formed using a down draw fusion process, the first
and second edges 102 and 104 may include beads 114
and 116 with a thickness T, that is greater than a thick-
ness T, within the central portion 106. The central portion
106 may be "ultra-thin" having a thickness T, of about
0.35 mm or less, including but not limited to thicknesses
of, forexample, about0.01-0.05 mm, about 0.05-0.1 mm,
about 0.1-0.15 mm and about 0.15-0.35 mm, although
flexible glass ribbons 46 with other thicknesses may be
formed in other examples.

[0034] The flexible glass ribbon 46 is transported
through the apparatus 100 using a ribbon conveyance
system 120 (FIG. 4) thatis controlled by the global control
device 70 (FIG. 1). Lateral guides 122 and 124 may be
provided to orient the flexible glass ribbon 46 in the cor-
rect lateral position relative to the machine or travel di-
rection 126 of the flexible glass ribbon 46. For example,
as schematically shown, the lateral guides 122 and 124
may include rollers 128 that engage the first and second
edges 102 and 104. Opposed forces may be applied to
the first and second edges 102 and 104 using the lateral
guides 122 and 124 that help to shift and align the flexible
glass ribbon 46 in the desired lateral orientation in the
travel direction 126. In other embodiments, lateral guides
122 and 124 may not be used.

[0035] The glass processing apparatus 100 can further
include a cutting zone 140 downstream from a bend axis
142 about which the flexible glass ribbon 46 may be bent.
In one example, the apparatus 100 may include a cutting
support member configured to bend the flexible glass
ribbon 46 in the cutting zone 140 to provide a target seg-
ment 144 with a convex radius. Bending the target seg-
ment 144 within, before and/or after the cutting zone 140
can help maximize conformance of the flexible glass rib-
bon 46 to the support, thereby minimizing mechanical
stresses of the flexible glass ribbon 46 during the cutting
procedure. Such bending of the flexible glass ribbon 46
to the support can help prevent buckling or disturbing the
flexible glass ribbon profile during the procedure of sep-
arating at least one of the first and second edges 102
and 104 from the central portion 106 of the flexible glass
ribbon 46.

[0036] Providing the target segment 144 that has a
convex radius at the cutting zone 140 (upstream, down-
stream and/or within the cutting zone 140) can increase
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the cross-direction rigidity of the flexible glass ribbon 46
throughout the cutting zone 140 and can help maximize
web conformance to the support thereby minimizing me-
chanical stress in the flexible glass ribbon 46 during the
cutting procedure. Such conformation can help prevent
buckling or disturbing the glass ribbon profile during the
procedure of separating at least one of the first and sec-
ond edges 102 and 104. Moreover, the convex radius of
the target segment 144 can increase the rigidity of the
target segment 144 to allow optional fine tune adjustment
of the lateral orientation of the target segment 144. As
such, the flexible glass ribbon 46 can be effectively prop-
erly laterally oriented during the procedure of separating
at least one of the first and second edges 102 and 104.
[0037] In the illustrated example referring also to FIG.
4, the glass processing apparatus 100 includes a multi-
axis steering apparatus 150 for use in laterally adjusting
the flexible glass substrate 46 as it moves by the cutting
zone 140. The multi-axis steering apparatus 150includes
a first roller set 152 and a second roller set 154 down-
stream of the first roller set 152. In some embodiments,
the first roller set 152 may be upstream of an edge trim-
ming apparatus 170 (FIG. 4) and the second roller set
154 may be downstream of the edge trimming apparatus
170. However, other configurations are possible where
the first roller set 152 and second roller set 154 are lo-
cated at the same upstream or downstream side of the
edge trimming apparatus 170, or multiple roller sets may
be located both upstream and downstream of the edge
trimming apparatus 170.

[0038] The first roller set 152 located upstream of the
edge trimming apparatus 170 includes a first roller pair
156 located at the first edge 102 of the flexible glass
substrate 46 and a second roller pair 158 located at the
second edge 104 of the flexible glass substrate 46. Each
of the first and second roller pairs 156 and 158 include
an upper pull roll member 160 and a lower pull roll mem-
ber 162. The upper and lower pull roll members 160 and
162 can each be provided with a compliant elastomer roll
covering (e.g., a silicone rubber or equivalent), and re-
spective pairs ofthem (i.e., firstroller pair 156 and second
roller pair 158) are arranged to engage the first and sec-
ond edges 102 and 104 of the glass ribbon 46 there be-
tween. At least one of the upper and lower pull roll mem-
bers 160 and 162 in each roller pair 156 and 158 may be
provided with a respective motor. For example, as
shown, the upper pull roll member 160 of the second
roller pair 158 is provided with a motor whereas the lower
pull roll member 162 of the second roller pair 158 is pro-
vided with a bearing such that only one of the upper and
lower pull rollmembers 160 or 162 is driven and the other
rolls from contact with glass ribbon and pinch force with
the other roller. Alternatively, the lower pull roll member
162 of the first roller pair 156 can be provided with a
motor, whereas the upper pull roll member 160 of the
first roller pair 156 can be provided with a bearing such
that only one of the upper and lower pull roll members
160 or 162 is driven and the other rolls from contact with

10

15

20

25

30

35

40

45

50

55

the glass ribbon and pinch force with the other roll.
[0039] The multi-axis steering apparatus 150 includes
the second roller set 154 positioned downstream of the
edge trimming apparatus 170. The second roller set 154
includes a first roller pair 164 located at the first edge 102
of the flexible glass substrate 46 and a second roller pair
166 located at the second edge 104 of the flexible glass
substrate 46. Each of the first and second roller pairs 164
and 166 include an upper pull roll member 167 and a
lower pull roll member 168. The upper and lower pull roll
members 167 and 168 can each be provided with a com-
pliant elastomer roll covering (e.g., silicone rubber or
equivalent), and respective pairs of them (i.e., first roller
pair 164 and second roller pair 166) are arranged to en-
gage the firstand second edges 102 and 104 of the glass
ribbon 46 there between. At least one of the upper and
lower pull roll members 167 and 168 in each roller pair
164 and 166 may be provided with a respective motor.
For example, as shown, the upper pull roll member 167
of the second roller pair 166 is provided with a motor
whereas the lower pull roll member 168 of the second
roller pair 166 is provided with a bearing such that only
one of the upper and lower pull roll members 167 or 168
is driven and the other rolls from contact with glass ribbon
and pinch force with the other roller. Alternatively, the
lower pull roll member 168 of the first roller pair 164 can
be provided with a motor, whereas the upper pull roll
member 167 of the first roller pair 164 can be provided
with a bearing such that only one of the upper and lower
pull roll members 167 or 168 is driven and the other rolls
from contact with the glass ribbon and pinch force with
the other roll.

[0040] As canbe seen, the axes of the first and second
roller pairs 156, 158 of the first roller set 152 are sub-
stantially aligned in the lateral direction and the axes of
the first and second roller pairs 164, 166 of the second
roller set 154 are substantially aligned in the lateral di-
rection to provide dual axis steering capability. Not only
can the multi-axis steering apparatus 150 be used to con-
trol tension and height of the flexible glass ribbon 46 as
it travels through the cutting zone 150, but also the multi-
axis steering apparatus 150 may utilize edge sensors
171,173 and 175, 177 to provide an indication of lateral
position of the flexible glass ribbon 46 and control lateral
position of the flexible glass ribbon 46. The edge sensors
171,173 and 175, 177 may provide a signal to the global
control device 70, which can be used by the global control
device 70 to determine lateral position of the flexible glass
ribbon 46 (e.g., by determining a centerline of the flexible
glass ribbon 46 upstream and/or downstream of the edge
trimming apparatus 170). As one example, relative speed
of the first and second roller pairs 156, 158 of the first
roller set 152 and the relative speed of the first and sec-
ond roller pairs 164, 166 of the second roller set 154 may
be varied to alter the lateral position of the flexible glass
ribbon 46. For example, one of the first and second roller
pairs 164, 166 may be sped up or slowed down relative
to the otherroller pair to alter lateral position of the flexible
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glass ribbon 46. The flexible glass ribbon 46 can track
toward the roller pair 164, 166 having a greater speed.
Once the desired lateral position (or within a predeter-
mined tolerance) is determined by the global control de-
vice 70 using the edge sensors 171, 173 and 175, 177,
speed of the first and second roller pairs 156, 158, 164,
166 of the first and/or second roller sets 152 and 154 can
be matched. Additional details of determining lateral po-
sition of the flexible glass ribbon 46 are described below.
[0041] As another example of controlling lateral posi-
tion of the flexible glass ribbon 46, position of the axes
of rotation of the first and second roller pairs 156, 158
and 164, 166 of the first and/or second roller sets 152
and 154 can be changed (for example, pivoted to cause
the roller pairs to be oriented toe out or toe in relative to
the travel direction 126, or centerline, of the glass ribbon
46). Under normal operation conditions, the direction of
rotation of the first and second roller pairs 156, 164 and
158, 166 of the first and/or second roller sets 152 and
154 is parallel to the machine centerline. As used herein,
the "machine centerline" refers to animaginary centerline
passing through a geometric center of the desired con-
veyance path in the machine direction. When an offset
is detected by the global control device 70 between the
flexible glass ribbon 46 centerline and the machine cen-
terline, the global control device 70 may adjust the axes
or rotation of the first and second roller pairs 156, 158
and 164, 166 of the first and/or second roller sets 152
and 154 to move the centerline of the flexible glass ribbon
46 toward the machine centerline. In some embodiments,
each roller pair 156, 158 and 164, 166 of each roller set
152 and 154 may be rotated together to the same angular
change for that particular roller set 152 and 154.

[0042] In some embodiments, it may be desirable for
the centerline of the flexible glass ribbon 46 to coextend
with the machine centerline or be within a predetermined
tolerance from the machine centerline. Knowing the ma-
chine centerline, the global control device 70 can deter-
mine the centerline position of the flexible glass substrate
46 using the edge sensors 171, 173 and 175, 177. The
centerline position of the flexible glass substrate 46 can
be compared by the global control device 70 to the ma-
chine centerline and an offset can be determined by the
global control device between the centerline position of
the flexible glass substrate 46 and the machine center-
line. The global control device 70 may then control the
first and second roller pairs 156, 158 and 164, 166 of the
first and/or second roller sets 152, 154 based on a logic
algorithm to move the centerline of the flexible glass rib-
bon 46 to a steering centerline determined by the global
control device 70 based on the offset to allow the cen-
terline of the flexible glass ribbon 46 to move closer to
the machine centerline. This caninclude an offset of zero,
where the flexible glass ribbon 46 centerline is being con-
trolled directly to match the position of the machine cen-
terline. In some embodiments, combinations of both
speed differential and roller repositioning may be used.
[0043] Referring to FIG. 5, the apparatus 100 can fur-
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ther include a wide range of edge trimming apparatus
configured to separate the first and second edges 102
and 104 from the central portion 106 of the flexible glass
ribbon 46 in a continuous fashion. In one example, as
shown in FIG. 5, an edge trimming apparatus 170 can
include an optical delivery apparatus 172 for irradiating
and therefore heating a portion of the upwardly facing
surface of the convex radius target segment 144. In one
example, optical delivery apparatus 172 can comprise a
cutting device such as the illustrated laser 174 although
other radiation sources may be provided in further exam-
ples. The optical delivery apparatus 172 can further in-
clude a circular polarizer 176, a beam expander 178, and
a beam shaping apparatus 180.

[0044] The optical delivery apparatus 172 may further
comprise optical elements, for redirecting a beam of ra-
diation (e.g., laser beam 182) from the radiation source
(e.g., laser 174), such as mirrors 184, 186 and 188. The
radiation source can comprise the illustrated laser 174
configured to emit a laser beam having a wavelength and
a power suitable for heating the flexible glass ribbon 46
at a location where the beam is incident on the flexible
glass ribbon 46. In one embodiment, laser 174 can com-
prise a CO, laser, although other laser types may be
used in further examples.

[0045] As further shown in FIG. 5, the example edge
trimming apparatus 170 can also include a coolant fluid
delivery apparatus 192 configured to cool the heated por-
tion of the upwardly facing surface of the convex radius
target segment 144. The coolant fluid delivery apparatus
192 can comprise a coolant nozzle 194, a coolant source
196 and an associated conduit 198 that may convey cool-
ant to the coolant nozzle 194.

[0046] In one example, a coolant jet 200 comprises
water, but may be any suitable cooling fluid (e.g., liquid
jet, gas jet or a combination thereof) that does not stain,
contaminate or damage the upwardly facing surface of
the target segment 144 of the flexible glass ribbon 46.
The coolant jet 200 can be delivered to a surface of the
flexible glass ribbon 46 to form a cooling zone. The cool-
ing zone can trail behind a radiation zone to propagate
an initial crack.

[0047] The combination of heating and cooling with the
optical delivery apparatus 172 and the coolant fluid de-
livery apparatus 192 can effectively separate the firstand
second edges 102 and 104 from the central portion 106
while minimizing or eliminating undesired residual stress,
microcracks or other irregularities in the opposed edges
206, 208 of the central portion 106 that may be formed
by other separating techniques. Moreover, due to the
convex radius of the target segment 144 within the cutting
zone 140, the flexible glass ribbon 46 can be positioned
and stabilized to facilitate precise separating of the first
and second edges 102 and 104 during the separating
process. Still further, due to the convex surface topogra-
phy of the upwardly facing convex support surface, the
continuous strips of edge trim 210 can immediately travel
away from the central portion 106, thereby reducing the
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probability that the first and second edges 102 and 104
will subsequently engage (and therefore damage) the
first and second broad surfaces and/or the high quality
opposed edges of the central portion 106. The central
portion 106 may then be wound into a roll using a spooling
apparatus.

[0048] Referringto FIG. 6, the various processes (e.g.,
forming, edge separating and rolling) may introduce in-
stabilities, perturbations, vibrations, and transient effects
to the flexible glass ribbon 46 as the flexible glass ribbon
46 travels through the glass processing apparatus 100.
To reduce the upstream and/or downstream impact of
any instabilities, perturbations, vibrations, and transient
effects, the glass processing apparatus may be divided
into anumber of mechanically isolated processing zones,
each zone corresponding to one or more different proc-
esses. In the illustrated example shown schematically,
processing zone A includes a flexible glass ribbon form-
ing process, processing zone B includes a flexible glass
ribbon cutting process (the cutting zone 140) and
processing zone C includes a flexible glass ribbon wind-
ing process, where the processes within the processing
zones may be similar to any of the processes described
above.

[0049] A buffer zone BZ; may be provided between
processing zone A and processing zone B for process
isolation between the processing zones A and B. Within
the buffer zone BZ,, the flexible glass ribbon 46 may be
held in a free loop 215 and may hang in a catenary be-
tween entrance and exit positions 217 and 219, respec-
tively. For example, positions 217 and 219 may be be-
tween about 1.5 meters and about 7.5 meters apart to
allow use of a number of cullet chutes, loop out mitigation
devices, etc. Between these two positions 217, 219, the
flexible glass ribbon 46 is not pulled tight but, instead,
hangs under its own weight. For example, the tension in
the flexible glass ribbon 46 is determined by the weight
of the flexible glass ribbon 46 and may be no more than
about 17.5 Newtons per metre (N/m) (0.1 pound per lin-
ear inch ("pli")), such as between about 1.75 N/m (0.01
pli) and about 17.5 N/m (0.1 pli) within the free loop BZ,.
[0050] The free loop 215 can accommodate more or
less flexible glass ribbon 46 by adjusting the free loop
shape. The buffer zone BZ, can serve as an accumulator
of error between processing zones A and B. The buffer
zone BZ, can accommodate errors such as path length
differences due to velocity, twist or shape variance due
to strain mismatch and machine alignment errors. In
some embodiments, a loop sensor 240 (FIGS. 3 and 4),
such as an ultrasonic or optical sensor, may be provided
to maintain a preselected loop height. In some embodi-
ments, a tension sensor (e.g., a strain gauge) may be
provided to measure tension within the flexible glass rib-
bon 46. In some embodiments, strain gage measurement
of web tension may be employed with roller conveyance.
The strain gages may be mounted in the roller bearing
mounts. In some embodiments, drives driving rollers pro-
viding the positions 217, 219 may have an in-line torque
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transducer used to measure tension within the flexible
glass ribbon 46. The sensors may provide real-time in-
formation to the global control device 70, which can adjust
the speed and/or tension of the driven rollers based on
the information.

[0051] Another buffer zone BZ, may be provided be-
tween processing zone B and processing zone C for proc-
ess isolation between the processing zones B and C.
Within the buffer zone BZ,, the flexible glass ribbon 46
may be held in afree loop 221 and may hang in a catenary
between entrance and exit positions 223 and 225. For
example, positions 223 and 225 may be between about
four meters and about 12 meters apart, for example, to
allow use of a number of cullet chutes, loop out mitigation
devices, etc. Between these two positions 223 and 225,
the flexible glass ribbon 46 is not pulled tight but, instead,
hangs under its own weight. For example, the tension in
the flexible glass ribbon 46 is determined by weight of
the flexible glass ribbon 46 and may be no more than
about 17.5 N/m (0.1 pli), such as between about 1.75
N/m (0.01 pli) and about 17.5 N/m (0.1 pli) within the free
loop 221.

[0052] The free loop 221 can accommodate more or
less flexible glass ribbon 46 by adjusting the free loop
shape. The buffer zone BZ, can serve as an accumulator
of error between processing zones B and C. The buffer
zone BZ, can accommodate errors such as path length
differences due to velocity, twist or shape variance due
to strain mismatch and machine alignment errors. In
some embodiments, a loop sensor 240 (FIGS. 3 and 4),
such as an ultrasonic or optical sensor, may be provided
to maintain a preselected loop height. In some embodi-
ments, a tension sensor (e.g., a strain gauge) may be
provided to measure tension within the flexible glass rib-
bon 46. In some embodiments, drives driving the rollers
providing the positions 221, 225 may have an in-line
torque transducer used to measure tension within the
flexible glass ribbon 46. The sensors may provide real-
time information to the global control device 70, which
can adjust the speed and/or tension of driven rollers dis-
posed at the entrance and exit positions based on the
information.

[0053] Referring now to FIG. 7, it has been discovered
that providing a non-flat, convex conveyance path for the
flexible glass ribbon 46 in the cutting zone 140 may be
desirable, particularly for ultra-thin glass webs. The con-
veyance path is provided with a radius of curvature R3
of a preselected distance. For example, a radius of cur-
vature R3 of more than about 1.83 metres (72 inches),
such as at least about 2.54 metres (100 inches), such as
at least about 3.81 metres (150 inches), such as at least
about 5.08 metres (200 inches), such as 6.35 metres
(250 inches) or more may be provided. In some embod-
iments, the radius of curvature R3 may be between about
2.54 metres (100 inches) and about 10.16 metres (400
inches), such as between about 5.08 (200) and 7.62
(300), such as about 6.35 metres (250 inches).

[0054] In FIG. 7, a diagrammatic illustration of a con-
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veyance path P for the flexible glass ribbon is illustrated.
The laser beam and crack tip are represented by arrow
321. In this illustrative example, the conveyance path P
may include an upstream portion 320 that is upstream of
the cutting zone 140 and a downstream portion 322 that
is downstream of the cutting zone 140. In some embod-
iments, the radius of curvature R, ofthe upstream portion
320 is the same as the radius of curvature R, ofthe down-
stream portion 322. In other embodiments, their respec-
tive radius of curvature R4, R, may be different. The ra-
dius of curvature R5 of the cutting zone 140 may be dif-
ferent from and greater than the radius of curvature R,
of the upstream portion 320 and the radius of curvature
R, of the downstream portion 322. As one example, the
radius of curvature R4 and R, may be at least about 1.83
metres (72 Inches) and the radius of curvature Ry may
be between about 5.08 (200) and 7.62 metres (300 inch-
es), such as about 6.35 metres (250 inches).

[0055] The conveyance path P of the central portion
106 of the flexible glass ribbon 46 may be different from
a conveyor path P’ of the beaded edges 102 and 104
(shown by the broken line) separated from the central
portion 106. For example, the conveyance path P of the
central portion 106 may include a flat portion 330 having
an infinite radius of curvature, while the conveyance path
P’ of the edges 102 and 104 may not include such a flat
portion. In some embodiments, for example, the convey-
ance path P may include the upstream portion 320 having
the radius of curvature Ry, the cutting zone 140 having
the radius of curvature R, the flat portion 330 (e.qg., about
4 inches in length extending in the ribbon travel direction
from the end of the portion having curvature R3 to the
start of the portion having curvature R2) and the down-
stream portion 322 having radius of curvature R,. The
conveyance path P’ may include an upstream portion
332 that follows the upstream portion 320 of the convey-
ance path P into the cutting zone 140 since there has
been no separation of the edges 102 and 104. Once sep-
arated, the conveyance path P’ may not include a flat
portion and may diverge from the conveyance path P
along a downstream portion 334, e.g., havingaradius R,.
[0056] Embodiments described herein can provide a
consistent lateral and angular orientation of the flexible
glass ribbon as it moves through the cutting zone for a
bead removal process. Optimization of overall flexible
glass ribbon stability through various tools that control
the position of the central or product portion of the flexible
glass ribbon and beaded edges is provided. Isolation of
processes from each other can reduce perturbations, vi-
brations and transient effects between the processes are
provided. Conveyance path geometries are provided that
can reduce or minimize contact between newly created
edges and the central portion of the flexible glass ribbon
downstream of the laser cutting process. While laser cut-
ting is described primarily above, other edge separation
processes include horizontal edge separation and verti-
cal edge separation by increasing the bead radius or rais-
ing the flexible glass ribbon using increased gas pres-
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sure.

[0057] It should be emphasized that the above-de-
scribed embodiments of the present invention, particu-
larly any "preferred" embodiments, are merely possible
examples of implementations, merely set forth for a clear
understanding of various principles of the invention.
Many variations and modifications may be made to the
above-described embodiments of the invention without
departing substantially from the various principles of the
invention.

Claims

1. A method of continuous processing of flexible glass
ribbon (46) having a thickness of no more than 0.35
mm using a glass processing apparatus (100), the
method comprising:

continuously feeding the flexible glass ribbon
(46) through the glass processing apparatus
(100), the glass processing apparatus (100)
comprising a cutting zone (140), including an
edge trimming apparatus (170) configured to
separate an edge (102, 104) of the flexible glass
ribbon (46) as the flexible glass ribbon (46)
moves;

controlling feed rate of the flexible glass ribbon
(46) through the cutting zone (140) using a glo-
bal control device (70); and

controlling lateral position of the flexible glass
ribbon (46) through the cutting zone (140) using
amulti-axis steering apparatus (150) comprising
a first roller set (152) and a second roller set
(154) located downstream of the first roller set
(152),

wherein the first roller set (152) includes a first
roller pair (156) located at a first edge (102) of
the flexible glass ribbon (46) and a second roller
pair (158) located at a second edge (104) of the
flexible glass ribbon (46) opposite the first edge
(102),

wherein the second roller set (154) includes a
first roller pair (164) located at the first edge
(102) of the flexible glass ribbon (46) and a sec-
ond roller pair (166) located at the second edge
(104) of the flexible glass ribbon (46),
characterised in that the step of controlling the
lateral position of the flexible glass ribbon (46)
includes:

providing a speed differential between the
first roller pair (156, 164) and the second
roller pair (158, 166) of one or both of the
firstroller set (152) and the second roller set
(154), and/or,

changing a direction of rotation of one or
both of the first roller pair (156, 164) and the



17 EP 3 297 963 B1 18

second roller pair (158,166) of one or both
of the first roller set (152) and the second
roller set (154) to be offset from a machine
centerline.

2. The method of claim 1, further wherein:

the glass processing apparatus (100) further
comprising at least two additional processing
zones including a first processing zone (A), and
a second processing zone (C);

controlling a feed rate of the flexible glass ribbon
(46) through each of the first processing zone
(A), the second processing zone and the cutting
zone (140) using a global control device (70);
and

controlling a lateral position of the flexible glass
ribbon (46) through the second processing zone
(C) using a multi-axis steering apparatus (150)
comprising a first roller set (152) and a second
roller set (154), located downstream of the first
roller set (152).

The method of claim 2 further comprising providing
afirst buffer zone (BZ,), between the first processing
zone (A) and the cutting zone (140), in which the
flexible glass substrate is disposed in a first catenary
(215), wherein the first catenary (215) is defined by
two spaced-apart payoff positions (217, 219).

The method of claim 2 or claim 3 further comprising
providing a second buffer zone (BZ,), between the
cutting zone (140) and the second processing zone
(C), in which the flexible glass substrate (46) is dis-
posed in a second catenary (221), wherein the sec-
ond catenary (221) is defined by two, spaced-apart
payoff positions (223, 225).

A glass processing apparatus (100) that processes
a flexible glass ribbon (46) having a thickness of no
more than 0.35 mm comprising:

a forming apparatus (22) in a first processing
zone (A), the forming apparatus (22) configured
to form the flexible glass ribbon (46);

an edge trimming apparatus (170) in a cutting
zone (140) of a second processing zone (C), the
edge trimming apparatus (170) comprising a
cutting device (174) configured to separate an
edge (102, 104) of the flexible glass ribbon (46),
as the flexible glass ribbon (46) moves;
amulti-axis steering apparatus (150) comprising
a first roller set (152) located upstream of the
cutting device (174) and a secondroller set (154)
located downstream of the cutting device (174);
and

a global control device (70) that controls lateral
position of the flexible glass ribbon (46) through
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the second processing zone (C) using the multi-
axis steering apparatus (150),

wherein the first roller set (152) includes a first
roller pair (156) located at a first edge (102) of
the flexible glass ribbon (46) and a second roller
pair (158) located at a second edge (104) of the
flexible glass ribbon (46) opposite the first edge
(102), and further wherein the second roller set
(154) includes a first roller pair (164) located at
the first edge (102) of the flexible glass ribbon
(46) and a second roller pair (166) located at the
second edge (104) of the flexible glass ribbon
(46),

characterised in that the global control device
(70) controls the lateral position of the flexible
glass ribbon (46):

by providing a speed differential between
the first roller pair (156, 164) and the second
roller pair (158, 166) of one or both of the
firstroller set (152) and the second roller set
(154), and/or

by changing a direction of rotation of one or
both of the first roller pair (156, 164) and the
second roller pair (158, 166) of one or both
of the first roller set (152) and the second
roller set (154) to be offset from a machine
centerline.

The glass processing apparatus (100) of claim 5,
wherein the second processing zone (C) has a con-
veyance path for the flexible glass ribbon (46)
through the cutting zone (140) having a radius of
curvature (R3) of between 2.54 m (100 inches) and
10.16 m (400 inches).

The glass processing apparatus (100) of claim 6,
wherein the conveyance path comprises an up-
stream portion that is upstream of the cutting zone
(140), the upstream portion comprising a radius of
curvature (R1) thatis different than the radius of cur-
vature (R3) of the conveyance path through the cut-
ting zone (140).

The glass processing apparatus (100) of any one of
claims 5-7, wherein the cutting device (174) com-
prises a laser.

Patentanspriiche

1.

Verfahren zum kontinuierlichen Verarbeiten eines
flexiblen Glasbands (46) mit einer Starke von nicht
mehr als 0,35 mm unter Verwendung einer Glasver-
arbeitungsvorrichtung (100), das Verfahren umfas-
send:

kontinuierliches Zufiihren des flexiblen Glas-
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bands (46) durch die Glasverarbeitungsvorrich-
tung (100), die Glasverarbeitungsvorrichtung
(100) umfassend eine Schneidzone (140), die
eine Randbeschneidevorrichtung (170) beinhal-
tet, die konfiguriertist, um einen Rand (102, 104)
des flexiblen Glasbands (46) zu trennen, wenn
sich das flexible Glasband (46) bewegt;
Steuern der Zufuhrgeschwindigkeit des flexib-
len Glasbands (46) durch die Schneidzone
(140) unter Verwendung einer globalen Steuer-
vorrichtung (70); und

Steuern der seitlichen Position des flexiblen
Glasbands (46) durch die Schneidzone (140)
unter Verwendung einer Mehrachs-Lenkvor-
richtung (150), umfassend einen ersten Rollen-
satz (152) und einen zweiten Rollensatz (154),
der stromabwarts von dem ersten Rollensatz
(152) angeordnet ist,

wobei der erste Rollensatz (152) ein erstes Rol-
lenpaar (156), das sich einem ersten Rand (102)
des flexiblen Glasbands (46) befindet, und ein
zweites Rollenpaar (158), das sich an einem
zweiten Rand (104) des flexiblen Glasbands
(46) gegentiber dem ersten Rand (102) befin-
det, beinhaltet,

wobei der zweite Rollensatz (154) ein erstes
Rollenpaar (164), das sich an dem ersten Rand
(102) des flexiblen Glasbands (46) befindet, und
ein zweites Rollenpaar (166), das sich an dem
zweiten Rand (104) des flexiblen Glasbands
(46) befindet, beinhaltet,

dadurch gekennzeichnet, dass eines Steu-
erns der der seitlichen Position des flexiblen
Glasbands (46) Folgendes umfasst:

Bereitstellen einer Geschwindigkeitsdiffe-
renz zwischen dem ersten Rollenpaar (156,
164) und dem zweiten Rollenpaar (158,
166) von einem oder beiden von dem ersten
Rollensatzes (152) und dem zweiten Rol-
lensatz (154), und/oder,

Andern einer Drehrichtung von einem oder
beiden von dem ersten Rollenpaar (156,
164) und dem zweiten Rollenpaar (158,
166) von einem oder beiden von dem ersten
Rollensatz (152) und dem zweiten Rollen-
satz (154), um von einer Maschinenmittel-
linie versetzt zu sein.

2. Verfahren nach Anspruch 1, ferner wobei:

die Glasverarbeitungsvorrichtung (100) ferner
umfassend mindestens zwei zusatzliche Verar-
beitungszonen, die eine erste Verarbeitungszo-
ne (A) und eine zweite Verarbeitungszone (C)
beinhalten;

Steuern der Zufuhrgeschwindigkeit des flexib-
len Glasbands (46) durch jede von der ersten
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Verarbeitungszone (A), der zweiten Verarbei-
tungszone und der Schneidzone (140) unter
Verwendung einer globalen Steuervorrichtung
(70); und

Steuern einer seitlichen Position des flexiblen
Glasbands (46) durch die zweite Verarbeitungs-
zone (C) unter Verwendung einer Mehrachs-
Lenkvorrichtung (150), umfassend einen ersten
Rollensatz (152) und einen zweiten Rollensatz
(154), der stromabwarts von dem ersten Rollen-
satz (152) angeordnet ist.

Verfahren nach Anspruch 2, ferner umfassend ein
Bereitstellen einer ersten Pufferzone (BZ) zwischen
der ersten Verarbeitungszone (A) und der Schneid-
zone (140), in der das flexible Glassubstrat in einer
ersten Kettenlinie (215) angeordnet ist, wobei die
erste Kettenlinie (215) durch zwei beabstandete Ab-
wickelpositionen (217, 219) definiert ist.

Verfahren nach Anspruch 2 oder Anspruch 3, ferner
umfassend ein Bereitstellen einer zweiten Pufferzo-
ne (BZ,) zwischen der Schneidzone (140) und der
zweiten Verarbeitungszone (C), in der das flexible
Glassubstrat (46) in einer zweiten Kettenlinie (221)
angeordnet ist, wobei die zweite Kettenlinie (221)
durch zwei voneinander beabstandete Abwickelpo-
sitionen (223, 225) definiert ist.

Glasverarbeitungsvorrichtung (100), die ein flexibles
Glasband (46) mit einer Starke von nicht mehr als
0,35 mm verarbeitet, umfassend:

eine Formungsvorrichtung (22) in einer ersten
Verarbeitungszone (A), wobei die Formungs-
vorrichtung (22) konfiguriert ist, um das flexible
Glasband (46) zu formen;

eine Randbeschneidevorrichtung (170) in einer
Schneidzone (140) einer zweiten Verarbei-
tungszone (C), wobei die Randbeschneidevor-
richtung (170) eine Schneidvorrichtung (174)
umfasst, die konfiguriert ist, um einen Rand
(102, 104) des flexiblen Glasbands (46) zu tren-
nen, wenn sich das flexible Glasband (46) be-
wegt;

eine Mehrachs-Lenkvorrichtung (150), umfas-
send einen ersten Rollensatz (152), der sich
stromaufwarts von der Schneidvorrichtung
(174) befindet, und einen zweiten Rollensatz
(154), der sich stromabwarts von der Schneid-
vorrichtung (174) befindet; und

eine globale Steuervorrichtung (70), die eine
seitliche Position des flexiblen Glasbands (46)
durch die zweite Verarbeitungszone (C) unter
Verwendung der Mehrachs-Lenkvorrichtung
(150) steuert,

wobei der erste Rollensatz (152) ein erstes Rol-
lenpaar (156), das sich einem ersten Rand (102)
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des flexiblen Glasbands (46) befindet, und ein
zweites Rollenpaar (158), das sich an einem
zweiten Rand (104) des flexiblen Glasbands
(46) gegentiber dem ersten Rand (102) befin-
det, beinhaltet, und ferner wobei der zweite Rol-
lensatz (154) ein erstes Rollenpaar (164), das
sich an dem ersten Rand (102) des flexiblen
Glasbands (46) befindet, und ein zweites Rol-
lenpaar (166), das sich an dem zweiten Rand
(104) des flexiblen Glasbands (46) befindet, be-
inhaltet,

dadurch gekennzeichnet, dass die globale
Steuervorrichtung (70) die seitliche Position des
flexiblen Glasbands (46) steuert:

durch Bereitstellen einer Geschwindigkeits-
differenz zwischen dem ersten Rollenpaar
(156, 164) und dem zweiten Rollenpaar
(158, 166) von einem oder beiden von dem
ersten Rollensatzes (152) und dem zweiten
Rollensatz (154), und/oder

durch Andern einer Drehrichtung von einem
oder beiden von dem ersten Rollenpaar
(156, 164) und dem zweiten Rollenpaar
(158, 166) von einem oder beiden von dem
ersten Rollensatz (152) und dem zweiten
Rollensatz (154), um von einer Maschinen-
mittellinie versetzt zu sein.

Glasverarbeitungsvorrichtung (100) nach Anspruch
5, wobei die zweite Verarbeitungszone (C) einen
Forderweg fiir das flexible Glasband (46) durch die
Schneidzone (140) aufweist, der einen Krimmungs-
radius (R3) zwischen 2,54 m (100 Zoll) und 10,16 m
(400 Zoll) aufweist.

Glasbearbeitungsvorrichtung (100) nach Anspruch
6, wobei der Férderweg einen stromaufwartigen Ab-
schnitt umfasst, der sich stromaufwarts von der
Schneidzone (140) befindet, der stromaufwartige
Abschnitt umfassend einen Krimmungsradius (R1),
der sich von dem Kriimmungsradius (R3) des For-
derwegs durch die Schneidzone (140) unterschei-
det.

Glasbearbeitungsvorrichtung (100) nach einem der
Anspriiche 5-7, wobei die Schneidvorrichtung (174)
einen Laser umfasst.

Revendications

Procédé de traitement en continu d’un ruban de ver-
re flexible (46) possédant une épaisseur inférieure
ou égale a 0,35 mm a l'aide d’un appareil de traite-
ment de verre (100), le procédé comprenant :

l'introduction en continu du ruban de verre flexi-
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ble (46) a travers I'appareil de traitement de ver-
re (100), I'appareil de traitement de verre (100)
comprenant une zone de coupe (140), compre-
nant un appareil de découpe de bord (170) con-
¢u pour séparer un bord (102, 104) du ruban de
verre flexible (46) lorsque le ruban de verre flexi-
ble (46) se déplace ;

la commande de la vitesse d’introduction du ru-
ban de verre flexible (46) a travers la zone de
coupe (140) a I'aide d’'un dispositif de comman-
de globale (70) ; et

lacommande de la position latérale du ruban de
verre flexible (46) a travers la zone de coupe
(140) al'aide d’'un appareil de guidage multiaxes
(150) comprenant un premier ensemble de rou-
leaux (152) et un second ensemble de rouleaux
(154) situé en aval du premier ensemble de rou-
leaux (152),

ledit premier ensemble de rouleaux (152) com-
prenant une premiére paire de rouleaux (156)
située au niveau d’un premier bord (102) du ru-
ban de verre flexible (46) et une seconde paire
de rouleaux (158) située au niveau d’'un second
bord (104) du ruban de verre flexible (46) a I'op-
posé du premier bord (102),

ledit second ensemble de rouleaux (154) com-
prenant une premiére paire de rouleaux (164)
située au niveau du premier bord (102) du ruban
de verre flexible (46) et une seconde paire de
rouleaux (166) située au niveau du second bord
(104) du ruban de verre flexible (46),
caractérisé en ce que I'étape de commande
de la position latérale du ruban de verre flexible
(46) comprend :

la fourniture d’'un différentiel de vitesse en-
tre la premiére paire de rouleaux (156, 164)
et la seconde paire de rouleaux (158, 166)
du premier ensemble de rouleaux (152)
et/ou du second ensemble de rouleaux
(154), et/ou,

le changement d’un sens de rotation de la
premiere paire de rouleaux (156, 164) et/ou
de la seconde paire de rouleaux (158, 166)
du premier ensemble de rouleaux (152)
et/ou du second ensemble de rouleaux
(154) devant étre décalés par rapport a une
ligne centrale de machine.

2. Procédé selon la revendication 1, en outre :

ledit appareil de traitement de verre (100) com-
prenant en outre au moins deux zones de trai-
tement supplémentaires comprenant une pre-
miére zone de traitement (A) et une seconde
zone de traitement (C) ;

lacommande d’une vitesse d’introduction du ru-
ban de verre flexible (46) a travers chacune de
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la premiére zone de traitement (A), de la secon-
de zone de traitement et de la zone de coupe
(140) a l'aide d’un dispositif de commande glo-
bale (70) ; et

la commande d’une position latérale du ruban
de verre flexible (46) a travers la seconde zone
de traitement (C) a I'aide d’un appareil de gui-
dage multiaxe (150) comprenant un premier en-
semble de rouleaux (152) et un second ensem-
ble de rouleaux (154), situé en aval du premier
ensemble de rouleaux (152).

Procédé selon la revendication 2, comprenant en
outre la fourniture d’'une premiere zone tampon
(BZ,), entre la premiére zone de traitement (A) et la
zone de coupe (140), ledit substrat en verre flexible
étant disposé dans une premiere caténaire (215),
ladite premiére caténaire (215) étantdéfinie par deux
positions de rendement espacées (217, 219).

Procédé selon la revendication 2 ou la revendication
3, comprenant en outre la fourniture d’'une seconde
zone tampon (BZ,), entre la zone de coupe (140) et
la seconde zone de traitement (C), dans laquelle le
substrat en verre flexible (46) est disposé dans une
seconde caténaire (221), ladite seconde caténaire
(221) étant définie par deux positions de rendement
espaceées (223, 225).

Appareil de traitement de verre (100) qui traite un
ruban de verre flexible (46) possédant une épaisseur
inférieure ou égale a 0,35 mm comprenant :

un appareil de formage (22) dans une premiére
zone de traitement (A), I'appareil de formage
(22) étant congu pour former le ruban de verre
flexible (46) ;

un appareil de découpe de bord (170) dans une
zone de coupe (140) d’'une seconde zone de
traitement (C), I'appareil de découpe de bord
(170) comprenant un dispositif de coupe (174)
congu pour séparer un bord (102, 104) du ruban
de verre flexible (46), lorsque le ruban de verre
flexible (46) se déplace ;

un appareil de guidage multiaxe (150) compre-
nant un premier ensemble de rouleaux (152) si-
tué en amont du dispositif de coupe (174) et un
second ensemble de rouleaux (154) situé en
aval du dispositif de coupe (174) ; et
undispositif de commande globale (70) qui com-
mande la position latérale du ruban de verre
flexible (46) a travers la seconde zone de trai-
tement (C) a l'aide de I'appareil de guidage mul-
tiaxe (150),

ledit premier ensemble de rouleaux (152) com-
prenant une premiére paire de rouleaux (156)
située sur un premier bord (102) du ruban de
verre flexible (46) et une seconde paire de rou-
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8.

leaux (158) située sur un second bord (104) du
ruban de verre flexible (46) a 'opposé du pre-
mier bord (102), et en outre ledit second ensem-
ble de rouleaux (154) comprenant une premiere
paire de rouleaux (164) située au niveau du pre-
mier bord (102) du ruban de verre flexible (46)
et une seconde paire de rouleaux (166) située
au niveau du second bord (104) du ruban de
verre flexible (46),

caractérisé en ce que le dispositif de comman-
de global (70) commande la position latérale du
ruban de verre flexible (46) :

en fournissant un différentiel de vitesse en-
tre la premiére paire de rouleaux (156, 164)
et la seconde paire de rouleaux (158, 166)
du premier ensemble de rouleaux (152)
et/ou du second ensemble de rouleaux
(154), et/ou

en modifiant le sens de rotation de la pre-
miére paire de rouleaux (156, 164) et/ou de
la seconde paire de rouleaux (158, 166) du
premier ensemble de rouleaux (152) et/ou
du second ensemble de rouleaux (154) de-
vant étre décalés par rapport a une ligne
centrale de machine.

Appareil de traitement de verre (100) selon la reven-
dication 5, ladite seconde zone de traitement (C)
possédant un chemin de transport pour le ruban de
verre flexible (46) a travers la zone de coupe (140)
possédant un rayon de courbure (R3) compris entre
2,54 m (100 pouces) et 10,16 m (400 pouces).

Appareil de traitement de verre (100) selon la reven-
dication 6, ledit trajet de transport comprenant une
partie enamont quiestenamontde lazone de coupe
(140), la partie en amont comprenant un rayon de
courbure (R1) qui est différent du rayon de courbure
(R3) du chemin de transport a travers la zone de
coupe (140).

Appareil de traitement de verre (100) selon I'une
quelconque des revendications 5 a 7, ledit dispositif
de coupe (174) comprenant un laser.
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